INTRODUCTION
When considering genetic variation at a single locus, a number of statistical approaches have been suggested to determine whether the pattern of variation is consistent with neutrality (e.g., Ewens, 1977) . In addition, the extent and pattern of association of alleles at different loci, gametic disequilibrium, has been suggested as a possible way to evaluate natural selection between loci (Lewontin, 1974) . However, a number of other factors, such as gene flow, genetic drift, and genetic hitchhiking may cause substantial gametic disequilibrium (for a review see Hedrick, 1983) , making it essential that other information about population parameters be known or that several independent populations be sampled.
Statistically significant non-random associations have really only been observed for tightly linked loci or for loci in highly-selfed or parthenogenetic organisms (e.g., Hedrick et a!., 1978 ) with a few exceptions (e.g., Ennos, 1981; Hedrick, 1985; Turner, 1972) . Another outstanding exception is the association of alleles at two apparently functionally related but unlinked (R. Koehn, pers. comm.) enzyme loci, Ap (Aminopeptidase) and Lap (leucine aminopeptidase), in a sample from a North American population of the common mussel, Mytilus edulis (Mitton and Koehn, 1973) . Based on the examination of potential causes of disequilibrium by Prout (1973) , Mitton and Koehn concluded that epistatic selection appeared to be the basis of this disequilibrium.
The main purpose of this study is to determine if there is non-random association between alleles at these loci in two other populations of Mytilus edulis off the coast of south Wales. Furthermore, in one population, two additional loci were examined and the pairwise associations between all pairs of loci were determined.
MATERIALS AND METHODS
The enzyme loci studied are Ap-1 (aminopeptidase), Lap-2 (leucine aminopeptidase), Pgm-2 (Phosphoglucomutase), and Phi (phosphohexos isomerase), hereinafter these systems have been referred to as Ap, Lap, Pgm, and Phi. The methods of electrophoretic assay of these systems have been described fully in Ahmad et a!. (1977) . Alleles for each locus are numbered in order of increasing anodal mobility. Different researchers have used different nomenclatures for alleles at these loci. By using data in the literature of allelic frequencies of the same population with different nomenclatures, homology of various alleles at Ap and Lap has been reasonably established. In order to clarify the relationships between these nomenclatures, we have given the allelic homologies for Ap and Lap using different nomenclatures in the Appendix.
The populations sampled were at Pendine and Aberavon, geographically discrete populations, on the south Wales coast. At each location, 1000 individuals were collected from an approximate area of 15 m2 from a mid-intertidal position. In both populations, samples were analyzed for Ap and Lap and in Aberavon, individuals were also analyzed for loci Pgm and Phi.
The association of alleles at different loci was examined using the x2 test for small expectations in contingency tables by Nass (1959) . The degrees of freedom is given by v and are not integers. However, when determining probability level of significance we ignored the fractional part of v. Although this is not a test of gametic disequilibrium per ce, the x2 values from contingency tables and x2 tests for gametic disequilibrium using the approach of Hill (1974) are very highly correlated for biallelic loci (Hedrick, 1985) . The contingency table analysis was used because it provides an approach by which small expectations are accommodated.
RESULTS
The allelic frequencies for the two loci surveyed at Pendine and the four loci at Aberavon are given in table 1. Notice that all loci were quite polymorphic and had at least five alleles. The allelic frequencies of Ap and Lap were not significantly different at the two locations. The x2 values are 5•60 (p>030, 5 degrees of freedom) and 560 (p>Ø20 4d.f,) for Ap and Lap, respectively. These populations are very close to HardyWeinberg expectations (Ahmad et a!., 1977) .
The observed numbers of two-locus phenotypes for Ap and Lap are given in tables 2 Table 2 The numbers of two-locus phenotypes of Ap and Lap at Pendinc Table 3 The numbers of two-locus phenotypes of Ap and Lap at Aberavon Table 4 gives the x2 values for these data on the first two lines and that for the other locus pairs at Aberavon below. First, note that the x2 values of Ap-Lap are quite small, indicating that there is no evidence of association between alleles at these loci. Second, we also examined the Ap-Lap data using the allelic designations of Mitton and Koehn (1973)(see Appendix) . In other words, we lumped alleles I and 2 at both loci into the Ap' and Laps alleles, lumped 4, 5 and 6 at the Ap locus into Api, and lumped 4 and 5 at the Lap locus into the Laps with a total sample size of 1150 were pooled together (they were found to be homogeneous with respect to allelic and genotypic frequencies) and analyzed for two-locus association. This pooled sample (see table 5 ) also did not have significant association between the alleles at the two loci. The lack of gametic disequilibrium between these allozyme loci is hardly surprising considering that M. edulis consists of 14 pairs of chromosomes (Ahmad and Sparks, 1970) and the loci studied were mainly chosen for the ease with which they can be resolved electrophoretically without any knowledge of their linkage relationship. As stated before, nearly all significant cases of gametic disequilibrium reported in outbreeding organisms so far heve been between linked loci. Although theoretically it may be possible for loci not closely linked or loci situated on different chromosomes to show non-random associations due to selection, the magnitude of epistasis would have to be larger than for linked loci (Hastings, 1981; Hedrick, 1985) . of south Wales. In addition, it should also be mentioned that the allelic frequencies at these loci in the American population are very different from those present in the south Wales populations. It might be useful to examine the Mitton and Koehn findings using the perspective developed by Hastings (1981) . The amount of gametic disequilibrium between Ap and Lap from Mitton and Koehn is D=00246 (Hedrick, 1983) . Assuming unlinked loci (r=05), to generate this amount of disequilibrium the relative fitnesses must vary by more than 0246, given that the relative fitness of the double heterozygotes is unity (Hastings, 1981) .
In other words, if the selective differences were less than this amount and r=05, the amount of disequilibrium they observed could not be generated by epistatic selection. It should be possible then to estimate directly selection coefficients of this magnitude (e.g., Hedrick and Murray, 1984) and thereby confirm or disprove the cause of disequilibrium in their population.
These results do not support the premise that structurally and functionally related enzymes are more likely to show interactions than non-related ones as suggested by Mitton and Koehn (1973) and Zouros and Krimbas (1973) . However, because the randomizing effect of independent assortment is so large, making the extent of epistasis necessary to counteract it also large, stronger evidence might be obtained by comparing related versus unrelated linked enzyme loci.
APPENDIX
Various workers have used different nomenclatures for loci Ap and Lap in Mytilus. Table Al gives equivalent alleles (as we can best establish) in these different studies. Mitton and Koehn (1973) Mitton and Koehn (1973) . b. Koehn et a!. (1976) . c. Ahmad and Beardmore (1976) , Ahmad eta!. (1977) , present paper. d. Skibinski et a!. (1980) . e. Skibinski et a!. (1983) .
